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A common method of treating the mean stress effect on fatigue life is to
displace the elastic line on a Manson-Coffin-Basquin diagram while retaining
the position of the plastic Tine. Manson and Halford pointed out that this
procedure implies that mean stress significantly affects the cyclic stress-
strain curve (ref. 1). Actually, however, they showed experimentally and by
more general reasoning, that mean stress has little, if any, effect on the
cyclic stress-strain curve. Thus, they concluded that it 1s necessary to dis-
place the plastic 1ine as well as the elastic line in order to keep the cyclic
stress-strain curve unaltered. Another way of expressing the common displace-
ment of the two lines is to keep the lines in place and change the horizontal
coordinate to include a term relating to the displacement. Thus, instead of
1ife, 2N¢, as the horizontal coordinate, a new coordinate can become 2Ng
[1 - op/of]1/b, thereby displacing both the elastic and plastic lines by an
amount [1 - op/of]1/D “where oy 1is the mean stress and of s the intercept
of the elastic 1ine at Ng = 1/2 cycles and b 1is the slope of the elastic
line.

Such a procedure does not, however, always produce the proper effect on
the Goodman diagram in which mean stress is plotted against alternating stress
for selected values of life. The Goodman diagram for this case would necessar-
i1y be straight 1ines for all materials. While some materials do, indeed, pro-
duce straight lines, others are known to be concave, while still others have
convex curvature. In fact, for some materials, the Goodman diagram may be con-
cave for one life level, straight for another 1ife level, and convex for a
third 1ife level. A more generalized behavior can, therefore, be achieved by
using, as the horizontal coordinate, the parameter

1/b

% A +B log Nf

2Nf 1 -1
%f

Depending on the values of A and B, the curvature of the Goodman lines can
then change according to 1ife level.
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We have examined a number of materials for which various degrees of curva-
ture have been observed, as well as one material for which the curvature
changed from convex to concave as 1ife was changed.

Figure 1 shows schematically the concept behind the procedure we have
developed. Figure 1(a) shows the coordinate axes in a Manson-Coffin-Basquin
plot, while figure 1(b) shows an example whereby curvature is altered at dif-
ferent values of 1ife level for particular parameter values of A and B, as
shown.

Figure 2 shows the application of this type of analysis to various alumi-
num and steel alloys for which extensive data are available in the literature.
The lines drawn in these figures are derived from the diagrams of figure 1(a)
for the specific constants shown for each material. The experimental points
are derived from faired curves through the data. Good agreement is seen in all
cases. Note especially the 9N1-4Co-0.45C material for which different curva-
tures appear at different 1ife levels.
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Figure 1. -~ Framework for new method.

91




o8

ot 09

¥8% ‘882135 ucoy

(saA4nd [ejuawL43dxa woud4 Y[Je {SuoL3ILpadd

ot

0s ov ot 0
b1
oz
oc

"31'0 = @ 2311 31960 ot
oy
196°'0 = V
ISy gL ="no ~Jos
= £OT1Y wnupuniy 91-4107
09
fO JO 3 *SB631)5 uvaey
o 09y 0y oz [
T { I |}
oz
401
ot oy
L0
S060°0 = ¢
£€8°0 = V ! *
TS} 9/ = no
- KOT1V wAUTWNTY [-S %Z o8

¥s% *s89135 SurarTuadiqy

no jo x ‘ssai3s Bujivuaaiyy

18X ‘899135 ukIK

—)

syjbusils anbi1e4 [BLXP Pa}R{NI|BD PUP PIAIISQO U3aM}aq suosiuedwo) - "¢ 34nbiy

[} 09 04 DL} [1]9 424 1} 0
1 | T T ¥ R
il
v
0 ..rN
401
701°0 = € b 113
. 0!
6%0°T =V
[ ] -4
TSY 89 = no 1 240 01
4 .
- WNUTUNTY 3YInoaM hI-bznz
S
8% ‘9S3135 ueay
0 0yt oL 09 0§ 07 ¢ (114 [
T ¥ 1 ] 1 o1 ] T
6
01 1,
401
o [¢]
oz
Q R o <01 % ¢y 3
L]
ot
ad
L1 X E
G80°'- = g o0 a
»
-
6S°'T =V ,01 1 °
119 3
-
1Sy 78 = no 2311 2134 01
<09
- Ao11y wnutwniy 91-6/0L
ot

T8% *ss2235 JujiwuiTY

92




‘panuiiuo) - ‘g au4nbiy

w jo 3 !c CITF S TR 1Y)

ong 06 i 0L 09 [ [ Of (I ul ]
T T T T T T T T T
101
18y ‘9¥Ba11y uray
oz
on? unt 007 091 0zl (1] 09 0
T T T T T
1ot
oy > oy
.
3 — 0§
408 &
& cOlxy | YY
G0~ =4 a1t 31340 01 w 9.2°0 = € W 7
-
ozl 3 . -1
6€0°€ = V : 962°0 = V oy
” 311 9134 Ot
- ~ o8
TS €8¢ = 0O 1 99t ISy ¢y = no
8935 J6% 0-C°%-IN 106
T 7°0-09%-IN6 oot - 12935 O%EYy TSIV
00!

J83 ‘883235 uway

9_ 111 0y 0L (V14

0l

hee'0 = d
920%°'0 = V 2111 31340 0

wa mc = Np
- Kor1v wnuiuniy 3Iy3noaM 91-T1909

01
[
~
.
g
5

0 »
»
"
"
.
-
>
~
-4

ot

oy

o ssaz1g JurrRuaeITY

n> 3o

93




